In order to trace the origin and evolution of carbon in the Galactic disk we have determined carbon abundances in 51 nearby F and G dwarf stars. The sample is divided into two kinematically distinct subsamples with 35 and 16 stars that are representative of the Galactic thin and thick disks, respectively. The analysis is based on spectral synthesis of the forbidden [C i] line at 872.7 nm using spectra of very high resolution (R ≈ 220 000) and high signal-to-noise (S/N 300) that were obtained with the CES spectrograph on the ESO 3.6-m telescope on La Silla in Chile. We find that [C/Fe] Our interpretation of our abundance trends is that the sources that are responsible for the carbon enrichment in the Galactic thin and thick disks have operated on a time-scale very similar to those that are responsible for the Fe and Y enrichment (i.e., SN Ia and AGB stars, respectively). We further note that there exist other observational data in the literature that favour massive stars as the main sources for carbon. In order to match our carbon trends, we believe that the carbon yields from massive stars then must be very dependent on metallicity for the C, Fe, and Y trends to be so finely tuned in the two disk populations. Such metallicity dependent yields are no longer supported by the new stellar models in the recent literature. For the Galaxy we hence conclude that the carbon enrichment at metallicities typical of the disk is mainly due to low and intermediate mass stars, while massive stars are still the main carbon contributor at low metallicities (halo and metal-poor thick disk).
INTRODUCTION
Next to hydrogen, helium and oxygen, carbon is the most abundant element in the Universe and plays an important rôle in the chemical evolution of galaxies. Although the nuclear process (helium burning) that is responsible for the formation of carbon atoms is well-known (see, e.g., reviews by Wallerstein et al. 1997; Arnett 2004) , it is unclear which objects that contribute to the carbon enrichment of the in- (2000) and Akerman et al. (2004) suggest massive stars to be the main source.
Only few previous studies (Andersson & Edvardsson 1994; Gustafsson et al. 1999; Takeda & Honda 2005) have based their carbon abundances on the forbidden [C i] line at 872.7 nm. This line is highly insensitive to errors in the stellar model atmosphere (see, e.g., Asplund et al. 2005) and gives carbon abundances of high accuracy in solartype stars, even when using one-dimensional (1-D) models under the assumption of local thermodynamic equilibrium (LTE). Unfortunately, the line is very weak and is blended with a weak feature that is likely to be an Fe i line (e.g. Lambert & Swings 1967) . So, in order to achieve accurate abundances from this line it is desirable to have spectra of high-resolution and high signal-to-noise (S/N ) and it is essentially only the Gustafsson et al. (1999) study that has reliable carbon trends based on the forbidden line (see discussion in Sect. 4.5). They did, however, not include the blending Fe i line in their analysis.
As a step to achieve a deeper understanding of the sites of carbon formation and the chemical histories of the Galactic disks we have obtained high-resolution, high S/N spectra of the forbidden [C i] line at 872.7 nm for 51 dwarf stars in the solar neighbourhood. These stars are already well studied, have well determined oxygen and iron abundances, and have known kinematics (Bensby et al. 2003 (Bensby et al. , 2004 (Bensby et al. , 2005 . That the kinematics are known is important as this makes it possible to properly investigate the carbon trends in the two disks, independent of each other, and to perform a differential analysis of the carbon trends in the thin and thick disks in order to investigate the differences and similarities in the disks' chemical histories. The latter investigation could, combined with other evidence, be important for understanding the time-scales involved in the chemical enrichment of the gas that today make up what we observe as the stars in the Galactic thick disk.
In Sect. 2 we shortly describe the stellar sample and the observations. Sect. 3 discusses the data reduction and associated problems and Sect. 4 discusses the abundance analysis and estimate random and systematic errors in the derived carbon abundances. In Sect. 5 we describe our resulting carbon trends and we use our results to trace the possible sources of carbon as well as discuss the chemical evolution of the Galactic disks. Finally, Sect. 6 concludes with a summary of our findings.
STELLAR SAMPLE AND OBSERVATIONS
The stellar sample (listed in Table 1 ) contains 51 F and G dwarf stars (35 thin disk and 16 thick disk stars) which form a subset of the samples in our previous studies (in total 102 stars, see Bensby et al. 2003 Bensby et al. , 2004 Bensby et al. , 2005 . The selection criteria used to assign a star to either the thin or the thick disk as well as further details and discussions about the kinematic properties of the stars in the sample can be found in Bensby et al. (2003 Bensby et al. ( , 2005 and in Sect. 5.1.
Observations were carried out by TB during six nights in September 2004 with the Coudé Echelle Spectrograph (CES) on the ESO 3.6-m telescope on La Silla in Chile. All spectra were obtained with the highest resolution R ≈ 220 000. Although our exposure times were calculated to give spectra with signal-to-noise ratios that exceed at least 350 this was unfortunately rarely the case in the reduced spectra. The reason for this degradation in quality of the reduced spectra is due to unexpectedly strong fringing patterns from/in the CCD detector in this wavelength region. The treatment of this feature is discussed in more detail in Sect. 3.
Further, long exposures were split into shorter expo- Figure 3 . This comparison shows the efficiency of the flatfield in removing the fringing pattern from a "raw" image. The 1-D spectra shown here are the same as those in the two bottom panels in Fig. 1 with the exception that the reduced and flatfielded spectrum has been filtered for cosmic ray hits (which was not the case in Fig. 1 ). The "raw" spectrum has also been normalised and vertically shifted for this plot.
sures of maximum 30 minutes. Solar spectra were obtained each day by observing the day-sky approximately one hour before sunset. Flatfield and bias exposures were taken at the beginning and at the end of the nights and additional flatfields at least once more during the nights. Wavelength calibration spectra were obtained from a thorium-argon hollow cathode lamp. The last four nights we also included exposures of rapidly rotating B stars that were used in the reduction procedure to minimise the residuals from the fringing pattern.
DATA REDUCTION
The top panel in Fig. 1 shows a part of the CCD frame for a (normalised) flatfield exposure and the middle panel a solar spectrum. As can be seen they are severely affected by fringing. However, this fringing pattern was stable and did not change over the six nights the observations lasted. As the removal of this pattern is extremely important for the quality of our results we give a more detailed description of the reduction process. The spectra were reduced using standard routines in the MIDAS 1 software package and consisted of the following steps: 1) One master bias frame and several (typically 4 -5) master flatfield frames were constructed for each of the six nights Figure 4 . The top spectrum shows the B star template. It has been shifted vertically for this plot. Also shown is a reduced solar spectrum (dotted line, same spectrum as in Fig. 3 ) and the same solar spectrum but divided by the normalised B star template (solid line).
by averaging multiple exposures. Bias subtraction for the flatfields were done after the bias value had been corrected for the difference between its overscan value and that of the flatfield frame. Since the main method for removing fringing patterns is through the flatfielding process care was taken when normalising the flatfield frames. As proposed to be the best method in the CES manual 2 we normalised the flatfield row by row, i.e., a low-order polynomial was fitted to each row (i.e., along the dispersion direction) in the flatfield frame. This process is necessary since the flatfields are obtained through the fibre and the image slicer which results in a flatfield profile that is composed of the same 12 slices as the science exposures (see Fig. 2 ). A plain division by this "non-flat" flatfield would result in too high weights given to the low-flux minima regions between the slices (i.e. dividing low numbers by low numbers). A normalised flatfield frame can be seen in the top panel in Fig. 1 .
2) The science frames were first corrected for the bias level. Before dividing by a flatfield frame we also corrected the frames for the fact that the background level is higher on the right hand side than on the left hand side of the profile perpendicular to the dispersion direction (see Fig. 2 ). This is due to scattered light originating within the CES and do not contribute to the fringing pattern. If it is not corrected for before the flatfielding the division by the flatfield will overcompensate the pattern. We therefore fitted linear functions between the left hand side (approximate pixel number 400) and the right hand side (approximate pixel number 800) and made a subtraction so that the two sides were level. This correction had a very positive effect on the quality of the re- Table 1 . Stellar names, chemical abundances, and stellar parameters. Abundances are given relative to our solar abundances. [C/H] abundances derived without the blending Fe i line are given in italics in parenthesis. Metallicities ([Fe/H]), effective temperatures (T eff ), surface gravities (log g), microturbulences (ξt), and space velocities (U LSR , V LSR , W LSR ) are taken from Bensby et al. (2003 Bensby et al. ( , 2005 . Oxygen abundances ([O/H]) are taken from Bensby et al. (2004b) and are generally based on the forbidden [O i] line at 630.0 nm unless otherwise indicated ("*" means that the permitted O i triplet lines at λ ≈ 777 nm were used and "**" means that the forbidden [O i] line at λ = 636.3 nm was used). v R−T is the macroturbulent broadening (RAD-TAN) that we used (these values have no "real physical" meaning and are only listed for completeness). duced spectra for stars with long exposure times as the difference between the two sides relative to the total flux of the object seem to increase with exposure time. For the flatfield exposures the difference between left and right hand sides is practically zero. After this correction we divided the science frames with the normalised flatfield frames. The middle panel in Fig. 1 shows a "raw" science frame and the bottom panel in Fig. 1 an example of a frame that has been corrected for the straylight pedestal and then divided by the normalised flatfield frame shown in the top panel in Fig. 1 . In this way we were able to quite efficiently remove much of the fringing pattern which is further illustrated in Fig. 3 . The final spectra were also filtered for cosmic ray hits (using the MIDAS task filter/cosmic) before dividing with the flatfield.
3) One-dimensional spectra were obtained by summing the fluxes of all 12 slices (including the regions in between the slices, see Fig. 2) . The spectra were then wavelength calibrated and re-binned to constant steps in wavelength. Figure 3 shows the reduced solar spectrum. 4) We also observed several rapidly rotating B stars. Since their spectral lines are all smeared out their spectra should more or less form a featureless continuum. However, the reduced spectra for our 19 B stars have a structure that show very little variance when compared to each other (apart from variations in the signal-to-noise ratio). This makes it most likely that this structure is the remains of an "imperfect" removal of the fringing and what we see in the B star spectra should without any doubt also be present in all our other reduced spectra. In order to further reduce the residuals from the fringing we therefore divided all spectra with a normalised B star template. This B star template was derived as a weighted average of all 19 B star spectra. Figure 4 shows the normalised B star template and the solar spectrum before and after division with it. 5) For stars that have multiple exposures we then co-added the individual spectra to one spectrum. Finally, the spectra were normalised by fitting a low-order Legendre polynomial to the continuum using the IRAF 3 task continuum.
ABUNDANCE DETERMINATION

Stellar atmospheres
We use one-dimensional, plane-parallel LTE stellar model atmospheres that were calculated with the Uppsala marcs code (Gustafsson et al. 1975; Edvardsson et al. 1993; Asplund et al. 1997) . Surface gravities (log g) were determined from Hipparcos parallaxes, metallicities ([Fe/H]) were determined using Fe i lines, effective temperatures (T eff ) were determined by requiring that the abundances derived from Fe i lines with different excitation energies should all yield the same [Fe/H], and the microturbulence parameter (ξt) by requiring all Fe i lines should yield the same abundances independent of line strength (log W λ /λ). All these parameters (listed in Table 1 ) were determined in our previous studies (Bensby et al. 2003 (Bensby et al. , 2005 wherein the iterative process to tune the stellar parameters also is fully described. The [Fe/H] values listed in Table 1 are given relative to the solar Fe abundance that we derived using solar spectra obtained with the same spectrographs as the stellar spectra (see Bensby et al. 2003 Bensby et al. , 2005 . In these studies we also compare our derived [Fe/H] 
Synthetic spectra, atomic data, and line broadening
The synthetic spectra were calculated with the Uppsala spectrum software. As input it needs a stellar atmosphere model and a list of spectral lines with atomic data. To properly reproduce the region around the [C i] line we used the VALD database Ryabchikova et al. 1999; Piskunov et al. 1995) to extract all lines in the region 872.0 nm to 873.5 nm. Table 2 lists the atomic data for the [C i] line at 872.7126 nm (log gf = −8.136, theoretical from Hibbert et al. 1993; Galavis et al. 1997) , the blending Fe i line at 872.7132 nm (log gf = −3.93, theoretical from Kurucz 1993) , and the Si i line at 872.8010 nm (log gf = −0.42, astrophysical from Bensby et al. 2003) whose left wing form the continuum level for the [C i] line. The broadening of atomic lines by radiation damping was considered in the determination of the abundances and the damping constants (γ rad ) for the different lines were taken from the VALD database. Collisional broadening, or Van der Waals broadening, by hydrogen atoms was also considered. The width cross-section for the Si i line at 872.8010 nm is taken from Barklem et al. (1998) 2). This plot shows the solar spectrum for which we found a best matching RAD-TAN profile with a width of 3.11 km s −1 . The synthetic spectra shown in the two bottom panels have RAD-TAN widths from 1.5 to 5.0 km s −1 .
by a "C" in Table 2 ) and for the other two lines we apply the correction term (δγ6) to the classical Unsöld approximation for the Van der Waals damping (indicated by a "U" in Table 2 ).
The synthetic spectrum is then convolved with a line profile to reproduce the instrumental broadening and then with a another line profile to reproduce the broadening due to large-scale motions in the stellar atmosphere. The width of the instrument broadening profile is set by the resolution of the spectra and was in our case 0.0042 nm. This value was determined by measuring the FWHMs in the ThAr spectra and corresponds to a spectral resolving power of about R ∼ 208 000 at 873.0 nm (R ≡ λ/∆λ = 873.0/0.0042). The large-scale motions include macroturbulence (that has a radial-tangential, "RAD-TAN", profile) as well as the lineof-sight component (v ·sin i) of the stellar rotational velocity. The contribution from v ·sin i is usually small in our types of stars (F and G dwarf stars) in comparison to the macroturbulence (see, e.g., Gray 1992) . To determine the widths of the RAD-TAN profiles we used the quite strong Si i line at 872.8 nm. First we usually had to change the log gf -value of the Si i line in order to get the line strength correct. We then made 20 different synthetic spectra with different RAD-TAN broadenings from 0 to 10 km s −1 . The best fit was found by minimising an un-normalised χ 2 -function. As we here only want to find the the best solution with a given set of free parameters we need not normalise our χ 2 s. An example of this is shown in Fig. 5 . 
Carbon abundances
The forbidden carbon line is located in the left wing of a Si i line and is blended by a line that most likely is an Fe i line (Lambert & Swings 1967) . The contribution from this blending line to the joint [C i]-Fe i line profile is generally negligible at sub-solar metallicities while it in the Sun is estimated to be between 0.1 pm and 0.5 pm (Allende Prieto et al. 2002) . While most previous studies have chosen to neglect this line in their abundance analyses due to its assumed weakness and uncertain atomic data we have included it as our sample contains many stars at supersolar [Fe/H] where such a blend will grow in size. Since this Fe i line only has a calculated log gf -value (Kurucz 1993) , and could therefore be associated with large errors, we must be careful and make extensive checks. For comparison purposes we will therefore also determine carbon abundances neglecting the Fe i blend.
By producing a set of synthetic spectra with carbon abundances varying in steps of 0.03 dex we then minimised an un-normalised χ 2 -function to find the best fitting synthetic spectrum and hence the carbon abundance (in the same way as we determined the macroturbulence broadening, see Fig. 5 ). For seven stars (HIP 10798, HIP 72673, HIP 81520, HIP 102264, HIP 107975, HIP 3185, and HIP 109450) we did not determine carbon abundances due to that their spectra showed defects probably as a result of an insufficient removal of the fringing pattern. Figure 6 shows an example of the observed and the synthetic spectra for the Sun. From our analysis of the solar spectrum (using a MARCS model atmosphere with T eff = 5777 K, log g = 4.44, ξt = 0.85 km s −1 , and RAD- TAN profile of 3.11 km s −1 , see Fig 5) we get a solar carbon abundance of log ǫ⊙(C)8.41 when the blending Fe i line is taken into account and log ǫ⊙(C) = 8.44 when it is neglected. Both are in good agreement with the recent analysis by Allende Prieto et al. (2002) and Asplund et al. (2005) who found a best value of log ǫ⊙(C) = 8.39 using 3-D stellar atmosphere models and log ǫ⊙(C) = 8.41 when using a MARCS model atmosphere. These studies did, however, not include the blending Fe i line in their calculations. The reason for that we see a difference of 0.03 dex (8.44 -8.41 ) between our and Allende Prieto et al. (2002) analysis, both using MARCS atmosphere models, is probably due to uncertainties in the placement of the continuum and/or differences between the spectra (that could originate from the data reduction process, see Sect. 3).
Our final [C/H] abundances, both with and without the Fe i blend taken into account, are listed in Table 1 (given relative to our solar abundance log ǫ⊙(C) = 8.41 and log ǫ⊙(C) = 8.44, respectively). Figure 7f shows the trend (derived with the blend) but for stars that have T eff > 5700 K and for which the effect on [C/Fe] due to an erroneous treatment of the blend should be minimal (see Fig. 7a ). The trend seen in Figs. 7d-e still persist.
Summarising, we conclude that it is important to include the Fe i blend for stars that have low effective temperatures (below 5700 K) and then especially at high [Fe/H] . It is, however, important to remember that the log gf -value that is available for the Fe i line is a theoretical one (Kurucz 1993) and it is possible that the calculated line strength for the blend is either over-or underestimated. It would therefore be very valuable to have an accurate experimental log gf -value for this Fe i line so that it is possible to properly calculate its contribution to the joint [C i]-Fe i line profile. We note that Lambert & Ries (1977) tried to estimate the log gf -value for this line by ensuring that the same C abundance is derived from the [C i] line as from C2 and CH lines. They arrived at a value of log gf ≈ −3.6 which would lead to a higher Fe i contribution to the joint [C i] -Fe i line profile at 872.7 nm than indicated by log gf = −3.93 from Gustafsson et al. (1999) , Andersson & Edvardsson (1994) , and Takeda & Honda (2005) . Linear regression lines are also plotted, see Eqs. (1)- (5). For our stellar sample we also plot the abundances that were derived when neglecting the Fe i blend (open circles and dotted line). Kurucz (1993) . By looking at other Fe i lines belonging to the same multiplet Allende Prieto et al. (2002) concluded in their analysis of the solar spectrum that the contribution should be significantly lower and hence that log gf = −3.93 would overestimate the line strength of the blending Fe i line. Allende Prieto et al.'s (2002) conclusion means that our carbon abundances might be somewhat underestimated at high [Fe/H] since we used log gf = −3.93 from Kurucz (1993) . However, for our stellar sample we see that the general appearance of the [C/Fe] versus [Fe/H] trend is not affected by the blend (apart from a somewhat smaller spread in [C/Fe] when neglecting it). In what follows we therefore continue to use our carbon abundances that we derived with the Fe i blend and these are the values we hereafter refer to unless otherwise indicated.
Error analysis
To check for systematic effects we compare our derived carbon abundances to other studies that also use the forbidden [C i] line as indicator of the carbon abundance (Gustafsson et al. 1999; Andersson & Edvardsson 1994; Takeda & Honda 2005) . In Fig. 8 
The tight relation between [C/H] and [Fe/H] that we see for our stellar sample (see Fig. 8 ) is also present in the Gustafsson et al. (1999) data set (see also their Fig. 3 ). As can be seen the slopes (∆[C/H]/∆[Fe/H]) are essentially the same for our stellar sample and the Gustafsson et al. (1999) and Takeda & Honda (2005) samples. There are, however, offsets present between these two data sets and ours. Relative to our relationship, the Gustafsson et al. (1999) Andersson & Edvardsson (1994) data set 4 is shifted upwards by 0.04 dex relative to our relationship and differs from the other three in that it shows a shallower slope. The Andersson & Edvardsson (1994) and Takeda & Honda (2005) data sets have a considerably larger spread. In the Andersson & Edvardsson (1994) case the large scatter is due to that their spectra was severely affected by fringing and that many of their spectra had an insufficient S/N to enable good abundance determination from the extremely weak [C i] line. The reason for the large scatter in the Takeda & Honda (2005) data is due to that their spectra in many cases were of low quality (Honda, private comm.) and in many weak-line cases they decided to adopt the values from the permitted C i lines (average of λλ505.2/538.0 nm lines) as their final carbon abundance instead (note: Fig. 8 and Eq. 5 only include data from the forbidden line).
It thus appear that it is safe to say that there is a systematic shift between our abundances and those by Gustafsson et al. (1999) since both data sets are individually well defined. Whether this shift is due to the carbon abundances (vertical shift in Fig. 8 ) or to the Fe abundances (horizontal shift in Fig. 8 ), a combination of both, or due to that we included the Fe i blend and they did not, will now be investigated by a comparison of individual abundances for stars that we have in common.
The left hand panel in Fig. 9 shows a detailed comparison for 13 stars that we have in common with Gustafsson et al. (1999) . The mean difference in abundances and stellar parameters are (our values minus theirs, the uncertainties represent the one-sigma standard deviations): ∆[C/H] = −0.02 ± 0.07 dex, ∆[C/H]NO BLEND = −0.03 ± 0.07 dex, ∆[Fe/H] = +0.03 ± 0.06 dex, ∆T eff = +12 ± 66 K, ∆ log g = −0.00 ± 0.10 dex. Overall the mean differences between our study and Gustafsson et al. (1999) are small for all these parameters. It should be noted that for these stars our inclusion of the Fe i blend barely has any effect on ∆[C/H]. The differences we see in T eff (+12 K) and log g (0.00 dex) are small and would only translate into ∆[C/H] ≈ 0.00 and ∆[Fe/H] ≈ 0.01 (see Table 3 ).
In Fig. 9 (right hand panel) we also plot the differences between our abundances and those from other works for a total of 31 stars. Comparisons are made to the two other studies that use the forbidden [C i] line (Andersson & Edvardsson 1994; Takeda & Honda 2005) as well as to studies that use the permitted C i lines (Tomkin et al. 1995; Ecuvillon et al. 2004; Takeda & Honda 2005) and the molecular CH bands (Laird 1985) . With Andersson & Edvardsson (1994) we have 12 stars in common, and for 4 of those they only give upper limit on [C/H]. For the other 8 stars the difference is +0.12 ± 0.12 dex, i.e., quite large and substantially larger than relative to Gustafsson et al. (1999) . Takeda & Honda (2005) use both the forbidden and the permitted carbon lines and we have 11 stars in common. The mean difference between our and their forbidden [C/H] abundances is +0.04 ± 0.14 dex and to their permitted [C/H] abundances it is −0.03 ± 0.07 dex. With Tomkin et al. (1995) we have 9 stars in common and the difference is +0.05 ± 0.18 dex. With Ecuvillon et al. (2004) we have 13 stars in common and the difference is −0.08 ± 0.08 dex. With Laird (1985) we have 11 stars in common and the difference is −0.08 ± 0.19 dex We would suggest that if one were to merge our sample with the Gustafsson et al. (1999) sample one should increase their [Fe/H] by 0.03 dex and decrease their [C/H] by 0.02 dex (or instead adjust our values accordingly). Even though the reason(s) for these shifts are not fully resolved this would at least bring our and their samples onto a common baseline. Merging our data with the Andersson & Edvardsson (1994) or the Takeda & Honda (2005) samples would introduce a lot of extra scatter and make any interpretation of the observed carbon trends difficult.
Random errors are partly represented by uncertainties in the stellar atmosphere parameters. In Table 3 we list how typical uncertainties in effective temperature, metallicity, and surface gravity (∆T eff = +70 K, ∆[Fe/H] = +0.1, and ∆ log g = +0.1, respectively) effects the derived abundances for three stars (see also discussions in Bensby et al. 2003 Bensby et al. , 2004 .
Random errors may also be due to uncertainties, or defects, in the observed spectra. Here we paid special attention to features in the spectra that could be left-overs from the reduction procedure and a possible insufficient removal of the fringing pattern. For seven stars (listed in Sect. 4.3) we did not determine any carbon abundances due to that the [C i] line was severely deformed. For the remaining stars we could not distinguish any possible fringing residuals from the ever-present random scatter (noise). If the initial fringing pattern effects the final carbon abundances (by an inefficient removal) we would probably see a substantially larger scatter in the carbon trends than what we see in our oxygen trends for which we used the same spectrograph and the same analysis method but for the forbidden [O i] line at 630.0 nm (Bensby et al. 2004) . Although a larger scatter indeed seem to be present for the carbon trends than for Table 3 . Estimates of the effects on the derived abundances due to errors in the atmosphere parameters. σcont is the estimated error due to erroneous placement of the continuum (see text) and σtot is the total random error that were calculated assuming the individual errors to be uncorrelated. The values for O and Fe were taken from Bensby et al. (2004b) . our oxygen trends we find that the [C/H] vs [Fe/H] trend is quite well-defined (see Fig. 8 ) and that effects due to residuals from the fringing pattern have been reduced to a level where they most likely do not effect the general appearance of the abundance trends. Random errors may also arise from errors in the actual fitting of the synthetic spectra to the observed ones. A major concern here is the location of the continuum. Due to the weakness of the [C i] line a small change in the location of the continuum will have an effect on the carbon abundance. This problem will vary with the quality of the spectra as well as the strengths of the [C i] line and surrounding lines making a true estimate of the uncertainties in the placement of the continuum level difficult. By examining our spectra and varying the continuum level we estimate an average uncertainty of 0.06 dex in [C/H] . Since the spectra we used in Bensby et al. (2004) did not suffer from fringing effects and generally were of higher quality we estimate the error in Table 3 ). Table 4 . Kinematic properties of the stellar populations that were used when calculating probabilities to select thin and thick disk stars. The properties of the Hercules stream have been adopted from Famaey et al. (2005) and the properties of the other populations are the same as in Bensby et al. (2005) except for the thin disk that has a lower number density (X) due to the now included Hercules stream. All velocities and velocity dispersions are given in km s −1 . 
RESULTS AND DISCUSSION
Before we discuss our carbon results and where carbon might be produced we first, briefly, recap some of the most important features of our sample selection, i.e., the kinematic definition of the two samples. We then turn to a description of the abundance trends found and their implications for where carbon can have formed.
The kinematic definition of our samples
The stars in our sample were selected, based on their kinematics, to either be typical representatives of the thin or the thick Galactic disk. The kinematic selection is further described in Bensby et al. (2003 Bensby et al. ( , 2005 including an extended discussion of how e.g. the local normalisation of the thick disk influences the categorisation of an individual star.
In Fig. 10a we show a so called Toomre diagram for our stars. The distribution of the stars in our two samples in this plot is essentially the same as Fuhrmann (2004) finds for his thin and thick disk samples. Figure 10b shows the WLSR velocity (which is proportional to the maximum distance below/above the Galactic plane, Zmax, a star can reach) as a function of [Fe/H] . We see that even at [Fe/H] = 0 or higher there are stars with high WLSR. The number of such stars appear to be higher than one would expect from orbital heating by e.g. molecular clouds (Hänninen & Flynn 2002) . One should though remember that our sample is far from complete and we certainly are subject to various biases. However, our point is that these stars do exist, are readily found in any large catalogue (hence not rare objects) and they imply that the thick disk indeed extends to at least solar metallicities.
Finally, it is also worthwhile to note, as pointed out by e.g. Nordström et al. (2004) , that there is a lot of kinematic structure when studying large samples of nearby stars. One such structure, or group of stars, of particular interest here is the Hercules stream which has kinematic properties very similar to some of the thick disk stars. Famaey et al. (2005) studied a sample of ∼ 6700 nearby K and M giants and were able to identify several such structures (including the Hercules stream) for which they determined kinematic properties as well as local number densities. From their results we see that it is especially Hercules stream stars with high ULSR velocities in the direction away from the Galactic centre that could be erroneously classified as 
The plots include our full thin disk (empty circles) and thick disk (filled circles) samples from Bensby et al. (2003 Bensby et al. ( , 2005 . Those stars that are included in this study are marked by crosses. thick disk stars. Using a compilation of chemical abundances Soubiran & Girard (2005) find that the abundance trends for the Hercules stream mostly follow those in the thin disk.
We have checked for possible contamination from Hercules stream in our samples. This was done by recalculating the probabilities that we used when selecting our samples (see Bensby et al. 2003 Bensby et al. , 2005 , and now including the properties for the Hercules stream (see Table 4 ). Using the same equations as in Bensby et al. (2003 Bensby et al. ( , 2005 (but now modified to also include U lag and W lag ) we find that none of our stars are more likely to belong to the Hercules stream than to the thin or thick disks.
For the discussion of our carbon results from this paper we will assume that our stellar samples are representative for the thin and thick disks, or the stellar components that can be kinematically associated with the two disks disks, and that the thick disk does extend up and until solar metallicities.
Observed trends
[C/Fe] versus [Fe/H]
In Fig. 11a we show The flat [C/Fe] trend that we see at [Fe/H] < 0 is what generally is found, within the uncertainties, in the literature (see, e.g., compilation by Gavilán et al. 2005) . Gustafsson et al. (1999) , however, find an increase in [C/Fe] for decreasing [Fe/H] . This is somewhat discomforting since both our and their carbon abundances are based on the forbidden line at 872.7 nm. However, at a closer look at the [C/Fe] versus [Fe/H] trend in Gustafsson et al. (1999) it is possible that ours and theirs trends are not that different. Gustafsson et al. (1999) is further strengthened from the detailed comparison in Sect. 4.5. Akerman et al. (2004) . They based their carbon and oxygen abundances on permitted C i and O i lines. As they assumed that the NLTE corrections for the C and O abundances for these lines are of similar size they did not apply any NLTE corrections. However, recent NLTE calculations by Fabbian et al. (2005) have shown that these "permitted" [C/H] show the carbon and oxygen abundances, respectively, relative to iron. c) and d) show the carbon and iron abundances, respectively, relative to oxygen. All carbon abundances are from this work and the oxygen and iron abundances have been taken from Bensby et al. (2003 Bensby et al. ( , 2004 Bensby et al. ( , 2005 , see also Nissen et al. (2002) included in the oxygen plots are marked by filled triangles.
[C/O] versus [O/H]
Where is carbon made?
The carbon yields for various objects differ significantly. The yields are sensitive to a number of factors such as: stellar winds, treatment of convection, and the 12 C(α,γ) 16 O rate. Earlier models of massive stars found them to give high yields of C (e.g., Maeder 1992) whilst these were adjusted downwards once rotation was taken into account (Meynet & Maeder 2002) . Several studies have used these yields to model galactic chemical evolution and compare it with observed abundance trends (both in local stars as well as in Galactic and extra-galactic H ii regions). Gustafsson et al. (1999) gave an exhaustive list and discussion of possible sites for carbon. These include: supernovae, novae, Wolf-Rayet stars, low and intermediate mass stars in the planetary nebula phase or by super-winds at the end or the red-giant phase. Through an analysis of Galactic dwarf stars (a mixture of thin disk stars, metal-poor thick disk stars, as well as stars with intermediate kinematics from Edvardsson et al. 1993 ) and data from dwarf galaxies they arrived at the conclusion that the main contribution of carbon to the galactic chemical evolution comes from superwinds of metal-rich massive stars, that low mass stars were ruled out, and that the rôle of the intermediate mass stars remained unclear. Henry et al. (2000) modelled a large set of Galactic and extra-galactic H ii regions and reached a similar conclusion. Other studies find that the low and intermediate mass stars are the essential contributors to the chemical enrichment of the Galaxy. By adopting the new yields by Meynet & Maeder (2002) , Chiappini et al. (2003b) conclude that massive stars do contribute to the carbon enrichment but that the main contribution at higher metallicities must be due to low and intermediate mass stars. Using the same set of yields Chiappini et al. (2003a) are also able to explain the abundance ratios in other galaxies, such as irregulars. The recent study by Carigi et al. (2005) arrives at a similar complex explanation for the observed abundance patterns where metallicity dependent yields are necessary both for the massive stars (increasing yields with metallicity) as well as for low and intermediate mass stars (decreasing yields with increasing metallicity). In their best-fitting model the massive stars dominate the C enrichment at early times and the low mass and intermediate mass starting to contribute later. The contributions at later times are roughly equal for the two sources. As Carigi et al. (2005) had to invoke the yields by Maeder (1992) (that no longer should be used Fig. 12 ) is well matched by similar trends for H ii regions in nearby spiral and irregular galaxies. This they interpret as favourable for their findings that massive stars are the main contributor to the chemical enrichment of carbon as it would be very unlikely that the abundance trends in galaxies that have experienced different types of chemical histories should be so similar if carbon was mainly produced in sites where a substantial time-delay had to be invoked, e.g. low-mass stars. Given the uncertainties relating to NLTE corrections of the Akerman et al. (2004) data (see discussion above) and that Chiappini et al. (2003a) are able to explain the abundance ratios in other galaxies as well (including irregulars), using the same set of yields that were used for the Milky Way, this indicates that the rôle of massive stars might be overestimated by Akerman et al. (2004) . Fig. 13b ). Approximately 70% of Y is produced in the s-process in AGB stars and ∼ 30% comes from massive stars (∼ 10% from a weak "secondary" s-process component and ∼ 20% from a primary component Travaglio et al. 2004 ). The most straightforward interpretation of the lack of trends would be that the two elements, C and Y, are made in objects that enrich the interstellar medium on the same time scale. Most naively we would assume that their major components are indeed made in the same objects, namely low and intermediate mass stars in the AGB phase. there is a decrease in C production. This could be due to a metallicity effect in the production of s-process elements that favours light s-process elements (such as Y) over heavy s-process elements (such as Ba) at high metallicities (Busso et al. 2001; Bensby et al. 2005) .
So, we have shown that the carbon production must balance the the Fe production by SN Ia and the Y production by AGB stars. With this observable in mind it appears that either the massive stars must have (very) metallicity dependent yields that are finely tuned to the [Fe/H] timescale of SN Ia as observed in the Milky Way thick disk or that less massive stars are significant contributors too.
In summary we thus find that the carbon enrichment at low metallicities (i.e. the Galactic halo and metal-poor thick disk) is due to massive stars but as more and more low and intermediate mass stars start to contribute to the general enrichment they also more and more dominate the carbon enrichment of the interstellar medium as it is seen in the thin disk and the metal-rich thick disk.
SUMMARY
We present carbon abundances in 51 F and G dwarf stars (16 thick disk stars and 35 thin disk stars)in the solar neighbourhood. The analysis is based on the forbidden [C i] line at 872.7 nm which is an abundance indicator that is insensitive to errors in the stellar atmosphere parameters. Combin- Fig. 11a ).
⋆ Our abundance trends indicate that the sources that contribute to the carbon enrichment of the interstellar medium do so on the same time-scale as those that produce most of the iron, i.e. SN Ia. The production of C and Y (coming mainly from AGB stars) also seem to work on the same time-scale.
⋆ In light of our own as well as other studies in the literature (notably Gustafsson et al. 1999; Chiappini et al. 2003a,b; Akerman et al. 2004; Carigi et al. 2005) we feel that the source(s) of carbon is not yet settled but that there is growing evidence that a complicated, and finely tuned, set of objects contribute to the enrichment of carbon in galaxies. As discussed, based on our own results only we would conclude that the main source for carbon in the Galaxy is low and intermediate mass stars. However, for the Milky Way galaxy it appears that massive stars played a significant rôle for the carbon enrichment at low metallicities (i.e. halo and metal-poor thick disk) whereas low and intermediate mass stars dominate more and more at higher metallicities, i.e. that they have been the major contributors to the carbon enrichment in the thin disk and the metal-rich thick disk.
From our analysis of the forbidden [C i] line at 872.7 nm to determine carbon abundances in solar-type stars we also found a few details that we think are noteworthy: 1) By examining how the neglect of the blending Fe i line effects the derived carbon abundances from the forbidden [C i] line we find that it is mainly for stars with effective temperatures less than ∼ 5700 K that differences are large (see Fig. 7a) ; 2) Currently, the only available source for the oscillator strength of the blending Fe i line is a theoretical one (Kurucz 1993 ). Therefore, it is possible that the strength of the Fe i could under-or overestimated. By working strictly relative to the Sun the effects of an erroneous treatment of the blend will be reduced. It would, however, be very valuable if a log gf -value for the Fe i line could be measured in the laboratory; 3) For the Sun we find a carbon abundance of ǫ⊙(C) = 8.41 when including the Fe i blend and ǫ⊙(C) = 8.44 when neglecting it; 4) The general appearance of our carbon trends in the two disks is similar whether we include the Fe i blend in the abundance analysis or not (see Figs. 7d and e).
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